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XII. An Account offome Attempts to imitate tbe EffeSJs of 
the Torpedo by Ele&ricity. By tbe Hon. Henry Caven- 
dilh, F. R. S. 



R. Jan. 18, * LTHOUGH the proofs brought by Mr. 
J-A. walsh, that the phenomena of the tor- 
pedo are produced by electricity, are fuch as leave little 
room for doubt; yet it muft be confeffed, that there are 
fome circumftances, which at firft fight feem fcarcely 
to be reconciled with this fuppofition. I propofe, there- 
fore, to examine whether thefe circumftances are really 
incompatible with fuch an opinion ; and to give an ac- 
count of fome attempts to imitate the effects of this amV 
mal by electricity. 

It appears from Mr. walsh's experiments, that the 
torpedo is not conftantly electrical, but hath a power of 
throwing at pleafure a great quantity of electric fluid 
from one furface of thofe parts which he calls the elec- 
trical organs to the other; that is, from the upper furface 
to the lower, or from the lower to the upper, the experi- 
ments do not determine which; by which means a Ihock 
is produced in the body of a perfon who makes any part 
of the circuit which the fluid takes in its motion to reftore 
the equilibrium. 

One 
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One of the principal difficulties attending the fuppo- 
fition, that thefe phenomena are produced by electricity, 
is, that a fhock may be perceived when the fifh is held 
under water; and in other circumftances, where the 
electric fluid hath a much readier paffage than through 
the perfon's body. To explain this, it muft be confidered, 
that when ajar is electrified, and any number of different 
circuits are made between its pofitive and negative fide, 
fome electricity will necefiarily pafs along each ; but a 
greater qxiantity will paf6 through thofe in which it meets 
with lefs refiftance, than thofe in which it meets with 
more. For inftance, let a perfon take fome y ards of very 
fine wire, holding one end in each hand, and let him dis- 
charge the jar by touching the outfide with one end of 
the wire, and the infide with the other; he will feel a 
fhock, provided the jar is charged high enough ; but lefs 
than if he had difcharged it without holding the wire in 
his hands; which fhews,that part of the electricity paffes 
through his body, and part through the wire. Some elec- 
tricians indeed feem to have fuppofed that the electric 
fluid pafies only along the fhorteft and readieft circuit ; 
but befides that fueh a mppofition would be quite con- 
trary to what is obferved in all other fluids, it does not 
agree with experience^ What feems to have led to this- 
miftake is, that in difcharging a jar by a wire held in- 
both hands, as in the above mentioned' experiment, the 
perfon will feel no fhock, unlefs either the wire is very 
long and flender, or the jar is very large and highly 
charged. The reafon. of which is, that metals conduct 

fur- 
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furprizingly better than the human body, or any other 
fubltance I am acquainted with ; and coniequently, un- 
lefs the wire is very long and flender, the quantity of 
electricity which will pafs through the perfon's body will 
bear fo fmall a proportion to the whole, as not to give 
any fenfible fhock, unlefs the jar is very large and highly 
charged. 

It appears from fome experiments, of which I propofe 
Ihortly to lay an account before this Society, that iron 
wire conducts about 400 million times better than rain 
or diftilled water; that is, the electricity meets with no 
more refiftance in pafling through a piece of iron wire 
400,000,000 inches long, than through a column of 
water of the fame diameter only one inch long. Sea- 
water, or a folution of one part of fait in 30 of water, 
conducts 100 times, and a faturated folution of fea fait 
about 720 times better than rain water. 

To apply what hath been here faid to the torpedo ; 
fuppofe the fifh by any means to convey in an inftant 
a quantity of electricity through its electric organs, from 
the lower furface to the upper, fo as to make the upper 
furface contain more than its natural quantity, and the 
lower lefs ; this fluid will immediately flow back in all 
directions, part over the moift furface, and part through 
the fubftance of its body, fuppofing it to conduct electri- 
city, as in all probability it does, till the equilibrium is 
reftored : and if any perfon hath at the time one hand on 
the lower furface of the electric organs, and the other on 
the upper, part of the fluid will pafs through his body* 

More- 
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Moreover, if he hath one hand on one furface of an elec- 
trie organ, and another on any other part of its body, for 
iriftance the tail, ftill fome part of the fluid will pafs 
through him, though much lefs than in the former cafe ; 
for as part of the fluid, in its way from the tipper furface 
of the organ to the lower, will go through the tail, fome 
of that part will pafs through the perfon's body. Some 
fluid aho will pafs through him, even though he does 
hot touch either electric organ, but hath his hands on any 
two parts of the fifties body whatever, provided one of 
thofe parts is- nearer to the upper furface of the electric 
organs than the other. On the fame principle, if the tor- 
pedo is immerfed in water, the fluid will pafs through the 
water ihaHdire&rons, and that even to great diftances from 
its body, as is reprefented in fig. 1. where the full lines 
rcprefentrhtrfetftion ofitsbbdy^ and the dotted lines the 
direction of the electric" fluid; but it muft be obferved, 
that the nearer any parr ofthe water is to the fifties body, 
the greater quantity of fluid will pafsthrough it. More- 
over, if any perfon touches* the fifli in this firuation*, 
eitherwith one hand on the upper furfac*e of an electric 
organ, and the other On the" ldWer, or in any other of 
thofe manners in which T fuppofed it to be touched when 
out of the*wat£r, fome fluid wilt pafs through his body; 
but evidently lefs than when the animal is held in the 
aii , as a great proportion" of the fluid will pafs through 
the water; and even fom£ fluid will pafs through him, 
though he does not touch the fittrat all; but only holds 
1 'his 
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his hands in the water, provided one hand is nearer to 
the upper fur face of the electric organs than the other. 
The fecond difficulty is, that no one hath ever per- 
ceived the fhock to be accompanied with any fpark or 
light, or with the leaft degree of attraction or repulfion. 
With regard to this, it muft be obferved, that when a 
perfon receives a fhock from the torpedo, he muft have 
formed the circuit between its upper and lower furface 
before it begins to throw the electricity from one fide to 
the other; for otherwife the fluid would be difcharged 
over the furface of the fifties body before the circuit was 
compleated, and confequently the perfon would receive 
no fhock. The only way, therefore, by which any light 
or fpark could be perceived, muft be by making fome 
interruption in the circuit. Now Mr. walsh found, that 
the fhock would never pafs through the leaft fenfible 
fpace of air, or even through a fmall brafs chain. This 
Circumftance, therefore, does not feem inconfiftent with 
the fuppofition that the phenomena of the torpedo are 
awing to electricity ; for a large battery will give a con- 
siderable fhock, though fo weakly charged that the elec- 
tricity will hardly pafs through any fenfible fpace of air; 
arid the larger the battery is, the lefs will this fpace be. 
The principle on which this depends will appear from 
the following experiments. 

I took feveral jars of different fizes, and connected 
them to the fame prime conductor, and electrified them 
an a given degree, as ihewn by a very exact electrome- 
ter ; and then found how near the knobs of an inftrument 

in 
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in the nature of Mr. lane's electrometer muft be ap- 
proached, before the jars would difcharge themfelves. 
I then electrified the fame jars again in the fame degree 
as before, and feparated all of them from the conductor 
except one. It was found, that the diftance to which the 
knobs muft be approached to difcharge this fingle jar 
was not fenfibly lefs than the former. It was alfo found, 
that the divergence of the electrometer was the fame 
after the removal of the jars as before, provided it was 
placed at a confiderable diftance from them : from which 
laft circumftance, I think we may conclude, that the force 
with which the fluid endeavours to efcape from the fin- 
gle jar is the fame as from all the jars together. 

It appears, therefore, that the diftance to which the 
fpark will fly is not fenfibly affected by the number or 
fize of the jars, but depends only on the force with which 
they are electrified ; that is, on the force with which the 
fluid endeavours to efcape from them : confequently, a 
large jar, or a great number of jars, will give a greater 
fhock than a fmall one, or a fmall number, electrified to 
fuch a degree, that the fpark fhall fly to the fame dif- 
tance; for it is well known, that a large jar, or a great 
number of jars, will give a greater fhock than a fmall 
one, or a fmall number, electrified with the fame force. 

In trying this experiment, the jars were charged very 
weakly, infomuch that the diftance to which the fpark 
would fly was not more than the 20th of an inch. The 
ele&rometer I ufed confifted of two ftraws, 10 inches 
long, hanging parallel to each other, and turning at one 

Vol. LXVI. D d end 
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end on fteel pins as centers, with cork balls about \ of an 
inch in diameter fixed on the other end. The way by 
which I eftimated the divergence of thefe balls, was by 
feeing whether they appeared to coincide with parallel 
lines placed behind them at about ten inches diftance; 
taking care to hold my eye always at the fame diftance 
from the balls, and not lefs than thirty inches off. To 
make the ftraws conduit the better, they were gilded, 
which caufes them to be much more regular in their 
effect. This electrometer is very accurate; but can be 
ufed only when the electricity is very weak. It would be 
eafy, however, to make one on the fame principle, which 
mould be fit for meafuring pretty ftrong electricity. 

The inftrument by which I found to what diftance 
the fpark would fly is reprefented in fig. 2.; it differs 
from Mr. lane's electrometer no otherwife than in not 
being fixed to a jar, but made fo as to be held in the 
hand. The part abcdefgklm is of baked wood, the 
reft of brafs; the part gkl being covered with tinfoil 
communicating with the brafs work at fg; and the part 
abm being alfo covered with a piece of tinfoil, com- 
municating with the brafs work at cd. 

I next took four jars, all of the fame fize; electrified 
one of them to a given degree, as fliewn by the electro- 
meter; and tried the ftrength of the fhock which it gave; 
and found alfo to what diftance the fpark would fly. I 
then took two of the jars, electrified them in the fame 
degree as before, and communicated their electricity to 
the two remaining. The fhock of thefe four jars united^ 

was 
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was rather greater than that of the lingle jar; but the 
diftance to which the fpark would fly was only half as 
great. 

Hence it appears, that the fpark from four jars, all of 
the fame fize, will not dart to quite half fo great a dif- 
tance as that from one of thofe jars electrified in fuch a 
degree as to give a fhock of eqxial violence ; and confe- 
quently the diftance to which the fpark will fly is in- 
verfely in a rather greater proportion than the fquare 
root of the number of jars, fuppofing them to be electri- 
fied in fuch a degree that the fhock fhall be of a given 
ftrength. It mull be obferved, that in the laft men- 
tioned experiment, the quantity of eleclxic fluid which 
paffed through my body was twice as great in taking the 
fhock of the four jars, as in taking that of the fingle one; 
but the force with which it was impelled was evidently 
lefs, and I think we may conclude, was only half as great. 
If fo, it appears that a given quantity of electricity, im- 
pelled through our body with a given force, produces a 
rather lefs fhock than twice that quantity, impelled with 
half that force; and confequently, the ftrength of the 
fhock depends rather more on the quantity of fluid 
which paffes through our body, than on the force with 
which it is impelled. 

That no one could ever perceive the fhock to be ac- 
companied with any attraction or repulfion, does not feem 
extraordinary ; for as the electricity of the torpedo is dif- 
fipated by efcaping through or over the furface of its 
body, the inftant it is produced, a pair of pith balls 

D d a ~ fuf- 
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fufpended from any thing in contact with the animal 
will not have time to feparate, nor will a fine thread 
hung near its body have time to move towards it, before 
the electricity is dilfipated. Accordingly I have been in- 
formed by Dr. priestley, that in difcharging a battery 
he never could find a pair of pith balls fufpended from 
the difcharging rod to feparate. But, befides, there are 
fcarce any pith balls fo fine, as to feparate when fuf- 
pended from a battery fo weakly electrified that its (hock 
will not pafs through a chain, as is the cafe with that of 
the torpedo. 

In order to examine more accurately, how far the 
phenomena of the torpedo would agree with electricity, 
I endeavoured to imitate them by means of the fol- 
lowing apparatus, abcfgde fig. 3. is apiece of wood, 
the part abcde of which is cut into the fhape of the 
torpedo, and is i6| inches long from a to d, and io| 
broad from b to e; the part cfgd is 40 inches long, 
and ferves by way of handle, wnnm is a glafs tube 
let into a groove cut in the wood, ww is a piece of wire 
pairing through the glafs tube, and foldered at w to a thin 
piece of pewter rt lying flat on the wood, and intended 
to reprefent the upper furface of the electric organs. On 
the other fide of the wood there is placed fuch another 
glafs tube, not reprefented in the figure, with a wire 
pafiing through it, and foldered to another piece of pew- 
ter of the fame fize and fhape as Rr intended to repre- 
fent the lower furface of thofe organs. The whole part 
abcde is covered with a piece of fheep's fkin leather. 
5 In 
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In making experiments with this inftrument, or arti- 
ficial torpedo as I lhall call it, after having kept it in wa- 
ter of about the fame faltnefs as that of the fea, till 
thoroughly foaked, I fattened the end of one of the wires, 
that not reprefented in the drawing for example, to the 
negative fide of a large battery, and when it was fuffi- 
ciently charged, touched the pofitive fide with the end 
of the wire wiv; by which means the battery was dis- 
charged through the torpedo : for as the wires were h> 
clofed in glafs tubes, which extended about an inch be- 
yond the end of the wood fg no electricity could pafs 
from the pofitive fide of the battery to the negative, ex- 
cept by flowing along the wire ww to the pewter Rr, 
and thence either through the fubftance of the wood, or 
along the wet leather, to the oppofite piece of pewter, 
and thence along the other wire to the negative fide. 
When I would receive a fhock myfelf, I employed an 
afliftant to charge the battery, and when my hands were in 
theproperpofitionjtodifcharge it in the above mentioned 
manner by means of the wire ww. In experiments with 
this torpedo under water, I made ufe of a wooden trough ; 
and as the ftrength of the fhock may, perhaps, depend 
in fome meafure on the fize of the trough, and on the 
manner in which the torpedo lies in it, I have in fig. 4. 
given a vertical fe&ion of it; the torpedo being placed 
in the fame fituation as in the figure* abcde is the 
trough; the length bc is 19 inches; the depth ab is 
14; and the breadth is 1 3 ; confequently, as the torpedo 
is two inches thick in the thickeft part, there is about 

S? 
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5^ inches diftance between its fides and thofe of the 
trough. 

The battery was compofed of 49 jars, of extremely 
thin glafs, difpofed in 7 rows, and fo contrived that 1 
could nfe any number of rows I chofe. The outfides of 
the jars were coated with tinfoil; but as it would have 
been very difficult to have coated the infides in that man- 
ner, they were filled with fait water. In a battery to 
anfwer the purpofe for which this was intended, it i$ 
evidently neceffary that the metals ferving to make the. 
communications between the difFerent jars mould be 
joined quite clofe : accordingly care was taken that the 
contacts ihould be made as perfect as poflible. I find, by 
trial, that each row of the battery contains about 1 5| 
times as much electricity, when both are connected to 
the fame prime conductor, as a plate of crown glafs, the 
area of whofe coating is 100 fquare inches, and whofe 

thicknefs is 5-33 of an inch ; that is, fuch that one fquare 

foot of it fhall weigh 1 o oz. 1 2 pwts. ; and confequentlyj 
the whole battery contains about no times as much 
electricity as this plate/«;. 

The way by which this was determined, and which, 
I think, is one of the eafieft methods of comparing the 
quantity of electricity which difFerent batteries will re- 
fa,) I find, by experiment, that the quantity of electricity which coated 
glafs of different' fhapes and fizes will receive with the fame degree of electrifica- 
tion, is direftly as the area of the coating, and inverfely as the thicknefs of the 
glafs 5 whence the proportion which the quantity of eleftricity in this baftpry 
bears to that in a glafs or jar of any other fize, may eafily be computed. 

ceive 
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ceive with the fame degree of electrification, was this: 
Firft of all, fuppofing ajar or battery to be electrified till 
the balls of the abovementioned electrometer feparated 
to a given diftance, I found how much they would feparate 
when the quantity of electricity in that jar or battery was 
reduced to one-half. To do this, I took two jars, as nearly 
equal as poflible, and electrified one of them till the balls 
feparated to a given degree, and then communicated its 
electricity to the other; and obferved to what diftance 
the balls feparated after this communication. It is plain, 
that if the jars were exactly equal, this would be the 
diftance fought for; as in that cafe the quantity of elec- 
tricity in the firft jar would be juft half as much after 
the- communication as before; but as I could not be fure 
that they were exaCtly equal, I repeated the experiment 
by electrifying the fecond jar, communicating its elec- 
tricity to the firft, and obferving how far the balls fepa- 
rated; the mean between, thefe two diftances will evi- 
dently be the degree of feparation fought, though the 
jars were not of the fame fize; Having found this, I 
electrified one row of the battery till the balls feparated 
to the firft diftance,, and repeatedly communicated its 
electricity to the plate of coated crown glafs, taking care 
to difcharge the plate each time before the communica- 
tion was made, till it appeared by the electrometer, that 
the quantity of eleCtricity in that row was reduced to one 
half. I found it neceffary to do this between n or 12 
times, or 11^ times as I eftimate it. Whence the quan- 
tity of eleCtric fluid in the row may be thus determined. 

Let 
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Let the quantity in the plate be to that in the row as X to i ; 
it is plain, that the electricity in the row will be dimi- 
nifhed each time it is communicated to the plate, in the 
proportion of i to i +x, and confequently after being com- 
municated i iy times will be reduced in the proportion 

'i 

of 1 to i+x *; therefore, 1 +x *=2', and i+a:=2 -"*• 
Whence the value of x may eafily be found by logarithms. 
But the readieft way of computing it, and which is exact 
enough for the purpofe, is this : multiply the number of 
times which you communicated the electricity of the row 
to the plate, by 1,444; anc * from the product fubtract 

the fraction -.; the remainder is equal to - , or the num- 
ber of times by which the electricity in the row exceeds 
that in the plate. 

The way by which I eftimated the ftrength of the 
charge given to the battery, was taking a certain num- 
ber of jars, and electrifying them till the balls of the 
electrometer feparated to a given diftance, and then 
communicating their electricity to the battery. This 
method proved very convenient; for by ufing always 
the fame jars, I was fure to give always the fame charge 
with great exactnefs; and by varying the number and 
lize of the jars, I could Vary the charge at pleafure, 
and befides could eftimate pretty nearly the proportion 
of the different charges to each other. It was alfo the 
only convenient method which occurred to me; for I 
could not have done it conveniently by charging the 
whole battery till an electrometer fufpended from it fe- 
parated 
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parated to a given diftance; becaufe in moft of the expe-^ 
riments the electricity was fo weak, that a pair of fine 
pith balls fufpended from the battery would Separate 
only to a very fmall diftance; and counting the number 
of revolutions of the electrical machine is a very falla- 
cious method. 

I found, upon trial, that though a fhock might be 
procured from this artificial torpedo, while held under 
water, yet there was too great a difproportion between 
its ftrength, when received this way, and in air; for if I 
placed one hand on the upper, and the other on the 
lower furface of the electric organs, and gave fuch a 
charge to the battery, that the fhock, when received in 
air, was as ftrong as, I believe, that of the real torpedo 
commonly is; it was but juft perceptible when received 
under water. By increafing the charge, indeed, it be- 
came confiderable; but then this charge would have 
given a much greater Ihock out of water than the tor- 
pedo commonly does. The water ufed in this experi- 
ment was of about the fame degree of faltnefs as that of 
the fea; that being the natural element of the torpedo, 
and what Mr. walsh made his experiments with. It was 
compofed of one part of common fait diflblved in 30 of 
water, which is the proportion of fait ufually faid to be 
contained in fea water. It appeared alfo, on examination, 
to conduct electricity not fenfibly better or worfe than 
fome fea water procured from a mineral water ware- 
houfe. It is remarkable, that if I ufed frefh water in- 
ftead of fait, the fhock feemed very little weaker, when 

Vol. LXVI. E e received 
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received under water than out; which not only confirms 
what was hefore fald, that fait water conduits much bet- 
ter than frelh; but, I think, mews, that the human body 
is alfo a much better conductor than frelh water: for 
©therwife the Ihock muft have been much weaker when 
received under frelh water than in air. 

As there appeared to be too great a dilproportion be- 
tween the ftrength of the Ihock in water and in air, I 
made another torpedo, exactly like the former, except 
that the part abcde inftead of wood was made of fe- 
verai pieces of thick leather, fuch as is ufed for the 
foles of Ihoes, f aliened one over the other, and cut into 
the. proper lhape; the pieces of pewter being fixed on 
the furface of this, as they were on the wood, and the 
whole covered with Iheep ikin like the other. As the 
leather, when thoroughly foaked with fait water, would 
fuffer the eledtricity to pafs through it very freely, I was 
in hopes that I Ihould find lefs difference between the 
ftrength of the Ihock in water and out of it, with this than 
with the other. For fuppofe that in receiving the Ihock 
of the former torpedo under water, the quantity of elec- 
tricity which pafied through the wood and leather of the 
torpedo, through my body, and through the water, were 
to each other as t, b, and w; the quantity of electricity 
which would pafs through my body, when the Ihock 
was received under water, would be to that which would 
pafs through it, when the Ihock was received out of wa- 

B B 

ter, as B+T+w to 7^ ; as in the firft cafe, the quantity 
a which 
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which would pafs through my body would be the 
: part of the whole ; and in the latter the j-77- part. 



B+T+W* ' B+T 

Suppofe now, that the latter torpedo conduits n times 
better than the former; and confequently, that in re- 
ceiving its fhock under water, the quantity of electricity 
which pafles through the torpedo, through my body, 
and through the water, are to each other as nt, b, and w ; 
the quantity of electricity which will now pafs through 
my body, when the ihock is received under water, and 

out of water, will be to each other as B+N * +w to ~j ; 
which two quantities differ from each other in a lefs pro- 
portion than ^ T -q^; and 5^: confequently, the readier 

the body of the torpedo conducts, the greater charge will 
it require to give the fame mock, either in water or out of 
it; but the lefs will be the difference between the ftrength 
of the two fhocks. It mould be obferved, that this a] te- 
ration, fo far from making it lefs refembling the real 
torpedo, in all probability makes it more fo; for I fee no 
reafon to think, that the real torpedo is a worfe conductor 
of electricity than other animal bodies ; and the human 
body is at leaft as good, if not a much better conductor 
than this new torpedo. 

The event anfwered my expectation; for it required 
about three times as great a charge of the battery, to 
give the fame Ihock in air, with this new torpedo as with 
the former; and the difference between its ftrength when 

E e 2 received 
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received under water and out of it, was much lefs than 
before, and perhaps not greater than in the real torpedo. 
There is, however, a confiderable difference between the 
feel of it under water and in air. In air it is felt chiefly 
in the elbows ; whereas, under water, it is felt chiefly in 
the hands, and the fenfation is fharper and more dif- 
agreeable. The fame kind of fhock, only weaker, was 
felt if, inftead of touching the fides, I held my hands 
under water at two or three inches diftance from it. 

It is remarkable, that I felt a fhock of the fame kind, 
and nearly of the fame ftrength, if I touched the torpedo 
under water with only one hand, as with both. Some 
gentlemen who repeated the experiment with me thought 
it was rather ftronger. This fhews, that the fhock under 
water is produced chiefly by the electricity running 
through one's hand from one part to the other ; and that 
but a fmall part pafles through one's body from one hand 
to the other. The truth of this will appear with more, 
certainty from the following circumftance ; namely, that 
if I held a piece of metal, a large fpoon for inftance, in 
each hand, and touched the torpedo with them inftead of 
my hands, it gave me not the leaft fhock when immerfed 
in water; though when held in air, it affected me as 
ftrongly if I touched it with the fpoons as with my hands. 
On increafing the charge, indeed, its effect became fen- 
fible : and as well as I could judge, the battery required 
to be charged about twelve times as high to give the fame 
fhock when the torpedo was touched with the fpoons un- 
der water as out of it. It muft be obferved, that in trying 

this 
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this experiment, as my hands were out of water, I could 
he affected only by that part of the fluid which paffed 
through my body from one hand to the other. 

The following experiments were made with the tor- 
pedo in air. If I flood on an electric ftool, and touched 
either furface of the electric organs with one hand only, 
I felt a mock in that hand ; but fcarcely fo ftrong as when 
touching it in the fame manner under water. If I laid a 
hand on one furface of the electric organs, and with the 
other touched the tail, I felt a fhock ; but much weaker 
than when touching it in the ufual manner; that is, with 
one hand On the upper furface of thofe organs, and the 
other on the lower. If I laid a thumb on either furface 
of an electric organ, and a finger of the fame hand on 
any part of the body, except on or very near the fame 
furface of the organs, I felt a fmall fhock. 

In all the foregoing experiments, the battery was 
charged to the fame degree, except where the contrary 
is expreffed: they all feem to agree very well with Mr- 
walsh's experiments. 

Mr, walsh found, that if he inclofed a torpedo in a 
flat bafket, open at the top, and immerfed it in water to 
the depth of three inches, and while the animal was in 
that fituation, touched its upper furface with an iron bolt 
held in one hand, while the other hand was dipped into 
the water at fome diftance, he felt a fhock in both of 
them. I accordingly tried the fame experiment with the 
artificial torpedo; and if the battery was charged about 
fix times as high as ufual, received a fmall fhock in each 

hand 
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hand ("). No fenfible difference could be perceived in the 
ftrengtb, whether the torpedo was inclofed in the bafket 
or not. The trough in which this experiment was tried 
was 36 inches long, 14^ broad, and 16 deep; and the 
diftance of that hand which was immerfed in the water 
from the electric organs of the torpedo, was about 14 
inches. As it was found neceffary to charge the bat- 
tery fo much higher than ufual, in order to receive a 
fhock, it follows, that unlefs the fifh with which Mr. 
walsh tried this experiment were remarkably vigor- 
ous, there is ftill too great a dilproportion between the 
ftrength of the mock of the artificial torpedo when re- 
ceived under water and out of it. If this is the cafe, the 
fault might evidently be remedied by making it of fome 
fubftance which conducts electricity better than leather. 
When the torpedo happens to be left on more by the 
retreat of the tide, it loofens the fands by flapping its fins, 
till its whole body, except the fpiracles, is buried; and it 
is laid to happen fometimes, that a perfon accidentally 
treading on it in that fituation, with naked feet, is thrown 
down by it. I therefore filled a box, 3 a inches long and 
a a broad, with fand, thoroughly foaked with fait water, 
to the depth of four inches, and placed the torpedo in it, 
intirely covered with the fand, except the upper part of 
its convex furface, and laid one hand on its electrical or- 
gans, and the other on the wet fand about 1 6 inches from 

(a) As well as I could judge, the battery required to be charged about 16 or 
40 times as high, to give a fhock of the fame ftrength when received this way 
as when received in the ufual manner with the torpedo out of water. 
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it. I felt a fhpck, but rather weak ; and as well as I could 
judge, as ftroag as if the battery had been charged half 
as high, and the mock received in the ufual way. 

I next took two thick pieces of that fort of leather 
which is ufed for the foles of ihoes, about the fize of the 
palm of my hand; and having previously prepared them 
by fteeping in fait water for a week, and then preffing 
out as much of the water as would drain off eafily,, re- 
peated the experiment with thefe leathers placed under 
my hands, The ihock was weaker than before, and about 
as ftrong as if received in the ufual way with the battery 
charged one-third part as high. As it would have 
been troublefome to have trod on the torpedo and fand, 
I chofe this way of trying the experiment. The pieces of 
leather were intended to reprefent ihoes, and in all pro- 
bability the lhoes of perfons who Walk much on the wet 
fand will conduct electricity as well as thefe leathers. I 
think, it likely, therefore, that a perfon treading in this 
manner on a torpedo, even with ihoes on, but more fo 
without, may be thrown down, without .any extraordi- 
nary exertion of the animal's force, confidering how 
much the effect of the ihock would be aided by the fur- 
prize* 

One of the fifhermen that Mr. walsh employed 
aflured him, that he always knew when he had a tor- 
pedo in his net, by the fhocks he received while the 
full was at feveral feet diftance; in particular, he faid, 
that in drawing in his nets with one of the largeft in 
them, he received a ihock when the fifh was at twelve 
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feet diftance, and two or three more before he got it into 
his boat. His boat was afloat in the water, and he drew 
in the nets with both hands. It is likely, that the fifher- 
man might magnify the diftance; but, 1 think, he may 
fo far be believed, as that he felt the fhock before the 
torpedo was drawn out of water. This is the moft extra- 
ordinary inftance I know of the power of the torpedo; 
but I think feems not incompatible with the fuppofition 
of its being owing to electricity; for there can be little 
doubt, but 'that fome electricity would pafs through the 
net to the man's hands, and from thence through his 
body and the bottom of the boat, which in all proba- 
bility was thoroughly foaked with water* and perhaps 
leaky, to the water under the boat : the quantity of elec- 
tric fluid, however, taking this circuit, would moft likely 
"bear £> fmall a proportion to the whole, that this effect 
can not be accounted for, without fuppofing the ftfh to 
exert at that time a furprizingly greater force*than what 
it ufually does. 

Hitherto, I think, the effects of this artificial torpedo 
agree very well with thofe of the natural one. I now 
proceed to confider the circumftanee of the fhock's not 
being able to pafs through any fenfible fpace of air. In 
all my experiments on this head, I ufed the firft torpedo, 
or that made of wood ; for as it is not neceffary to charge 
the battery more than one-third part as high to giye the 
fame fhock with this as with the other, the experiments 
were more likely to fucceed, and the conclufions to be 
drawn from them would be fcarcely lefs convincing : for 
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I find, that five or fix rows of my battery will give as 
great a fhock with the leathern torpedo, as one row electri- 
fied to the fame degree will with the wooden one; con- 
fequently, if with the wooden torpedo and my whole 
battery, I can give a mock of a fufhcient ftrength, which 
yet will not pafs through a chain of a given number 
of links, there can be no doubt, but that, if my battery 
was five or fix times as large, I fliould be able to do the 
fame thing with the leathern torpedo. 

I covered a piece of fealing wax on one fide with a flip 
of tinfoil, and holding it in one hand, touched an elecl:ri- 
cal organ of the torpedo with the end of it, while my 
other hand was applied to the oppofite furface of the 
fame organ. The fliock pafied freely, being conducted 
by the tinfoil; but if I made, with a penknife, as fmall a 
feparation in the tinfoil as poffible, fo as to be fure that 
it was actually feparated, the mock would not pafs, con- 
formably to what Mr. walsh obferved of the torpedo. 

I tried the experiment in the fame manner with the 
lane's electrometer defcribed in p. 202, and found that 
the fhock would not pafs, unlefs the knobs were brought 
fo near together as to require the afliftance of a magni- 
fying glafs to be fure that they did not touch. 

I took a chain of fmall brafs wire, and holding it in one 
h and, let the loweft link lie on the upper furface of an elec- 
tric organ, while my other hand was applied to the oppo- 
fite furface. The event was, that if the link, held in my 
hand, was the fifth or fixth from the bottom, and confe- 
quently, that the electricity had only four or five links 
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to pafs through befides that in my hand, I received a 
fhock ; fo that the electricity was able to force its way 
through four or five intervals of the links, but not more. 
One gentleman, indeed, found it not to pafs through a 
fingle interval; but in all probability the link which lay 
on the torpedo happened to bear more loofely than ufual 
againft that in his hand. If inftead of this chain I ufed 
one compofed of thicker wire^ the fhock would pafs 
through a great number of links ; but I did not count 
how many. It rauft be obferved, that the principal re- 
finance to the paffage of the electrical fluid is formed 
by the intervals of the lower links of the chain ; for as 
the upper are ftretched by a greater weight, and there- 
fore prefied clofer together, they make lefs refiftance. 
Confequently the force required to make the fhock pafs 
through any number of intervals, is not twice as great as 
would be neceffary to make it pafs through half the 
number. For the fame reafbn it panes eafier through a 
chain confifting of heavy links than of light ones. 

Whenever the electricity paffed through the chain, a 
fmall light was vifible, provided the room was quite dark.. 
This, however,, affords no argument for fuppofing that 
the phenomena of the torpedo are not owing to electri- 
city ; for its fhock has never been known to pafs through 
a chain or any other interruption in the circuit ; and con- 
fequently, it is impofllbk that any light fhould have 
been feen* 

In all thefe experiments, the battery was charged to 
the fame degree ; namely, fuch that the fhock was nearly 

of 
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of the fame ftrength as that of the leathern torpedo, and 
which I am inclined to think, from my converfation with 
Mr. walsh, may be considered as about the medium 
ftrength of thofe of a real one of the fame fize as this. 
It was nearly equal to that of the plate of crown glafs 
in p. a 06. electrified to fuch a degree as to difeharge it- 
felf when the knobs of a lane's electrometer were at 
,0 1 1 £ inches diftance ; whence a perfon, ufed to electri- 
cal experiments, may afcertain its ftrength. The way I 
tried it was by holding the lane's electrometer in one 
hand, with the end refting on the upper furface of the 
plate, and touching the lower furface with the other 
hand, while an afliftant charged the plate by its upper 
fide till it discharged itfelf through the electrometer 
and my body. There is, however, a very fenfible dif- 
ference between the fenfation excited by a fmall jar or 
plate of glafs like this, and by a large battery electrified 
fo weakly that the fhock fhall be of (he fame ftrength; 
the former being ftiarper and more difagreeable. Mr. 
walsh took notice of this difference; and faid, that the 
artificial torpedo produced juft the fame fenfation as the 
real one. 

As it appeared, that a fliock of this ftrength would 
pafs through a few intervals of the links of the chain, I 
tried what a fmaller would do. If the battery was charged 
only to a fourth or fifth part of its ufual height, the 
fhock would not pafs through a fingle interval; but then 
it was very weak, even when received through a piece of 
brafs wire, without any link in it. This chain was quite 
clean and very little tarnifhed; the loweft link was larger 
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than the reft, and weighed about eight grains. If I ufed 
a chain of the fame kind, the wire of which, though 
pretty clean, was grown brown by being expofed to the 
air, the ftiock would not pafs through a fingle interval, 
with the battery charged to about one-third or one-half 
its ufual ftrength. 

It appears, that in this refpe& the artificial torpedo 
does not completely imitate the effe&s of the real one, 
though it approaches near to it ; for the fhock of the for- 
mer, when not ftronger than that of the latter frequently 
is, will pafs through four or five intervals of the links of 
a chain; whereas the real torpedo was never known to 
force his through a fingle interval. But, I think, this by 
no means fliews, that the phenomena of the torpedo are 
not produced by electricity ; but only that the battery I 
ufed is not large enough. For we may fafely conclude, 
from the experiments mentioned in p. aoo. and a 02. 
that the greater the battery is, the lefs fpace of air, or 
the fewer links of a chain, will a fhock of a given ftrength 
pafs acrofs. For greater certainty, however, I tried, whe- 
ther if the whole battery and a fingle row of it were fuc- 
cefllvely charged to fuch a degree, that the fhock of each 
fhould be of the fame ftrength when received through 
the torpedo in the ufual manner, that of the whole bat- 
tery would be unable to pafs through fo many links of a 
chain as that of a fingle row w. In order to which I made 
the following machine. 

(t) The battery, as was before faid, was divided into feven rows, each of 
which could be ufed feparately. 
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om, fig. 5. is a piece of dry wood; f/, e*, btf, cc, 
b£, and Aa, are pieces of brafs wire fattened to it, and 
turned up at bottom into the form of a hook, on which 
is hung a fmall brafs chain, as in the figure, fo as to form 
five loops, each loop confifting of five links ; the part o is 
covered with tinfoil, which is made to communicate with 
the wire Aa. If I held this piece of wood in one hand, 
with my thumb on either of the wires f/, e*, 8cc. and 
applied the part g to one furface of an ele&rie organ, 
while with a fpoon, held in the other hand, I touched the 
oppofite furface, I received a fhock, provided the battery 
was charged high enough, the electricity paffing through 
all that part of the chain between a«, and my thumb ; fo 
that I could make the fhock pafs through more or fewer 
loops, according to which wire my thumb was placed on ; 
but if the charge was too weak to force a paffage through 
the chain, I felt no fhock, as the wood was too dry to 
convey any fenfible quantity of electricity. The event 
of the experiment was, that if I charged the whole bat- 
tery to fuch a degree that the fhock would but juft pafs 
through two loops of the machine, and then charged a 
fingle row to fuch a degree as appeared, on trial, juft fuf- 
ficient to give a fhock of the fame ftrength as the former, 
it pafled through all five loops; whether it would have 
pafied through more I cannot tell. If, on the other hand, 
I gave fuch a charge to the whole battery, and alfo to the 
fingle row, as was juft fuffieient to force a paflage through 
two loops Of the chain, the fhock With the whole battery 
was much ftronger than that with the fingle row. 

It 
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It muft be obferved, that in the foregoing machine, 
eaeh loop coniifted of the Fame number of links, and the 
links of each loop were ftretched by the fame weight; 
fo that it required no more force to impel I the ele&rictty 
through one loop than another, which was my reafort 
for ufing this machine rather than a plain chain. Con-? 
fiderable irregularities occurred in trying' the above ext 
periments, and indeed all thofe with a chain; for it fre- 
quently happened, that the mock would not pais with 
the battery charged to a certain degree, when perhaps a 
minute after, it would pafs with not more than fiaree-* 
fourths of the charge. The irregularity, however, was 
not fo great but that, I think, I may be certain of the truth 
of the foregoing facts ; efpecially as the experiments were 
repeated feveral times. The uncertainty was at leaft ai 
great in the experiments with lane's ele&rometer, Whett 
the knobs were brought foxlofe together, as is rieceflary 
in experiments of this kind. 

It appears therefore, that if the whole battery, and a 
fingle row of it, are both charged in fuch a degree as to 
give a fhock of the fame ftrength, the Ihock with the 
whole battery will pafs through fewer loops of the chain 
than that with the fingle row; fo that, I think, therejcan 
be no doubt, but that if the battery had been large 
enough, I mould have been able to give a lhock of the 
ufual ftrength, which yet would not have pafied through 
a fingle interval of the links of a chain. 

On the whole, I think, there feems nothing in tha 
phenomena of the torpedo at all incompatible with elec- 
tricity ; 
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tricity ; but to make a compleat imitation of them, would 
require a battery much larger than mine. It may be 
afked, where can fuch a battery be placed within the tor- 
pedo? I anfwer, perhaps it is not neceffary that there 
fhould be any thing analogous to a battery within it. 
The cafe is this ; it appears, that the quantity of electric 
fluid, transferred from one fide of the torpedo to the 
other, muft be extremely great ; for otherwife it could 
not give a fhock, confidering that the force with which 
it is impelled is fo fmall as not to make it pafs through 
any fenfible fpace of air. Now if fuch a quantity of 
fluid was to be transferred at once from one fide to the 
other, the force with which it would endeavour to efcape 
would be extremely great, and fuffieient to make it dart 
through the air to a great diftance, unlefs there was 
fomething within it analogous to a very large battery* 
But if we fuppofe, that the fluid is gradually transferred 
through the electrical organs, from one fide to the other,, 
a£ the fame time that it is returning back over the fur- 
face, and through the fubftance, of the reft of the body ; 
fo that the quantity of fluid on either fide is during the 
whole time very little greater or lefs than what is na- 
turally contained in it; then it is poflible, that a very 
great quantity of fluid may be transferred from one fide 
to the other, and yet the force with which it is impelled 
be not fuffieient to force it through a fingle interval of 
the links of a chain* There feems, however, to be room 
in the fiih for a battery of a fuffieient fize; for Mr. hun»- 
ter has fhewn, that each of the prifmatical columns of 
1 which 
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which the ele&ricaj organ is compofed, is divided into a 
great number of partitions by fine membranes, the thick- 
nefs of each partition being about the 150th part of an 
inch ; but the thicknefs of the membranes which form 
them is, as he informs me, much lefs. The bulk of the 
two organs together in a fifh 1 0} inches broad, that is of 
the fame fize as the artificial torpedos, feems to be about 
24} cubic inches; and therefore the fum of the areas of 
all the partitions is about 3700 fquare inches. Now 
3700 fquare inches of coated glafs -^ of an inch thick 
will receive as much electricity as 30500 fquare inches 
,055 of an inch thicket; that is, 305 times as much as 
as the plate of crown glafs mentioned in p. a 06, or 
about ^\ times as much as my battery, fuppofing both 
to be electrified by the fame conductor; and if the glafs 
is five times as thin, which perhaps is not thinner than 
the membranes which form the partitions, it will con- 
tain five times as much electricity, or near fourteen times 
as my battery. 

It was found, both by Dr. Williamson and by a com- 
mittee appointed by the Philofophical Society of Penfyl- 
vania, that the fhock of the Gymnotus would fometimes 
pafs through a ohain, though they never perceived any 
light. I therefore took the fame chain which I ufed in 
the foregoing experiments, confifting of 25 links, and 
fufpended it by its extremities from the extreme hooks 
of the machine defcribed in p. 221, and applying the 
end of the machine to the negative fide of the battery, 

(c) Vide Note in p. 206. 
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touched the pofitive fide with a piece of metal held in 
the other hand, fo as to receive the fhock through the 
chain without its paffing through the torpedo; the bat- 
tery being charged to fuch a degree that the fhock was 
coniiderably ftronger than what I ufually felt in the fore- 
going experiments. I found that if the chain Was not 
ftretched by any additional weight, the fhock did not pafs 
at all : If it was ftretched by hanging a weight of feven 
pennyweights to the middle link, it paffed, and a light 
was vifible between fome of the links; but if fourteen 
pennyweights were hung on, the fhock paffed without 
my being able to perceive the leaft light, though the room 
was quite dark; the experiment being tried at night, and 
the candle removed before the battery was difcharged. 
It appears, therefore, that if in the experiments made by 
thefe gentlemen the fhock never paffed, except when the 
chain was fomewhat tenfe, which in all probability was 
the cafe, the circumftance of their not having perceived 
any light is by no means repugnant to the fuppofitioa 
that the fhock is produced by electricity. 
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